Summary
: Since elastase participates not only in elastolysis but also in elastogenesis, it has been regarded as a regulator of elastin metabolism. According to Balo and Banga, the enzyme decreases with the aging of animals and in patients with arteriosclerosis.
In this study, Elastase is found in the pancreas of various kinds of animals, and was crystallized by Banga (1952) . The enzyme is composed of 234 amino acids and resembles trypsin and chymotrypsin in its molecular structure. According to Tolnay et al. (1962) , elastase is distributed not only in the pancreas, but also in the blood, urine and vascular wall. Bak') and Banga (1953 Banga ( , 1956 found that the enzyme specifically digested elastin in elastic tissues and that it further played an important role in elastogenesis. Elastase has thus recently been regarded as a regulator of the metabolism of elastic tissues.
Experimentally, Loeven et al.
(1971) discovered a gradual decrease of elastase in the male Wistar rat pancreas throughout life, while in the female, the enzyme activity was reduced 18 months after birth. In addition, they reported an abrupt decrease of elastase in the human blood plasma and pancreas with advancing age. On the other hand, Lans-ing (1954) described the lipocaic action of elastase. According to him, the enzyme prevented the experimental induction of fatty liver and atherosclerosis.
Clinically, the elastase in the pancreas was found to be reduced in old persons and diminished markedly in patients suffering from hypertension (BalO and Banga, 1953) .
As is well known, elastic fibers are composed of elastin and microfibrils, and elastin is rich in apolar amino acids and contains desmosine and isodesmosines. Electron microscopically, elastic tissues reveal pale and amorphous areas by routine uranyl acetate and lead staining. Recenly, Nakamura et al. (1977) reported a new convenient technique for revealing elastic elements in specimens embedded in epoxy sections.
In this study, using young and old rats, the authors attempted to clarify the effect of elastase on the elastic components including the elastic laminae and elastic branches of the thoracic aorta.
Material and Methods
Male Wistar rats aged 8 months and 3.2 years were used. Elastase was supplied by Eisai Co., Japan, and a dose of 5 mg/kg was administered subcutaneously once' a day for 60 days. After this treatment, the rats were injected with ice-cold 2.5% glutaraldehyde and paraformaldehyde buffered with 0.1M phosphate (pH 7.4) from their hearts, and the thoracic aortas were removed and placed in the same solution for 6 hours. For electron microscopic observation, these tissues were postfixed in 1% osmic acid buffered with 0.1 M phosphate solution (pH 7.4) for 2 hours at 0°C and dehydrated with a graded ethanol series. They were embedded in Epon 812 and cut with a Porter-Blum MT-2B ultramicrotome. Thin sections were stained with uranyl acetate-lead hydroxide or orceinlead (Nakamura et al., 1977) in order to reveal the elastic tissues electron microscopically.
For light microscopic observation, the tissues were fixed in 10% buffered formalin for 3 days and then dehydrated with graded ethanol. They were embedded in paraffin and stained with hematoxylin-eosin and orcein-hematoxylin. For the elastase digestion in vitro, a 0.01% elastase solution buffered with 0.03 M veronal acetate (pH 7.8) was used for electron microscopic specimens, and a 0.1% elastase solution adjusted to pH 7.8 with the same buffer was employed for light microscopic specimens.
Observations 1) Light microscopy
The specimens were stained with hematoxylin-eosin for general examination and with orcein-hematoxylin for the elastic components.
In the thoracic aortas, several laminae were, seen to be circularly arranged and among them, smooth muscle cells ran parallel to the elastic laminae. Figs. 1-4 were obtained from 8-month rats and Figs. 5-8 from 3.2-year rats.
The elastic laminae in the thoracic aortas of 8-month control rats were rather broad and fresh, while those of 3.2-year control rats looked coarse and solid. However, the elastic laminae in the thoracic aortas excised from rats administered with elastase for 2 months became blunt in shape, especially in old rats. The difference in features* of the elastic components between the control and elastase-administered rats was not so clear with the routine procedure at the light microscopic level (Figs. 1 and 2, 5 and 6). Each specimen mentioned above was then treated with 0.1% elastase solution in vitro for 15 min. After the elastase digestion, some of the elastic laminae had disappeared in the specimens of control young and old rats and the remaining ones looked slender and frequently exhibited wavelike patterns (Figs. 3 and 7). In general, the stainability of the elastic laminae for orcein was rather enhanced, and the decrease in elastic components was more remarkable in young rats. That is, the elastic laminae of old rats appeared to be more resistant than those of young rats to the elastase digestion in vitro (Figs. 3 and 7). Further, comparing the elastic tissue of the control rats with that of the elastase-administered rats after the elastase digestion, the elastic laminae in elastase-administered rats were seen to be easily digested (Figs. 4 and 8), while those of control rats were resistant to a certain degree (Figs. 3, 4, 7 and 8) .
Elastase appeared to strip the deposits on the outer side of the elastic laminae and reveal the framework of elastic laminae in the vascular wall.
2) Electron microscopy 1) Profiles of elastic laminae and elastic branches in control and elastase-administered rats a) 8 months after birth
In the media of the thoracic aorta, smooth muscle layers alternated with the laminae composed of elastic tissue. The elastic laminae in 8-month rats were clearly stained with orcein-lead and consisted of several bundles of elastic components. The outer zone of the elastic laminae was more intense than the inner zone. Elastic branches were distributed around irregularly shaped smooth muscle cells and were closely associated with the cytoplasmic membrane. Frequently, the elastic branches were in contact with elastic laminae. The profile of the elastic laminae appeared to be not so rigid (Fig. 9 ) and the elastic branches sometimes had a spindle-like form.
In thoracic aortas excised from elastaseadministered rats at the same developmental stage, the elastic laminae showed a relatively weak opacity in general.
In particular, the inner zone of the laminae was less stained, while their outer zone was intensely stained and comparable to that of control rats.
The margins of the elastic laminae appeared to be blunt and not stiff. Elastic branches formed small bundles and were intensely stained. They were localized around smooth muscle cells. The smooth muscle cells assumed irregular shapes and were closely associated with elastic bundles. The bundles ran crooked and did not appear rigid (Fig. 10) . b) 3.2 years after birth
In controls, the elastic laminae looked parched and solid, and the inner part of the laminae became intensely stained. Along the laminae, collagenous fibers were distributed and they were mingled with elastic components.
The elastic branches were also stained intensely and their profiles took on feather-like or needle-like shapes. Degeneration of smooth muscle cells occurred frequently and such degenerating smooth muscle cells possessed homogeneous matrices throughout the cytoplasm.
Cytoplasmic organelles such as mitochondria and endoplasmic reticula were not discernible.
In the adjacent regions close to the degenerating cells, elastic components were poorly developed and degenerating granules were scattered.
Elastolysis may have been induced in this area. The other healthy smooth muscle cells showed an irregular form and a small amount of elastic component was associated with them ( Fig. 11) .
However, the thoracic aortas obtained from elastase-administered rats possessed elastic laminae and elastic branches of less electron opacity. Their profiles especially those of the elastic branches, looked not to be parched and somewhat swollen, and their margins were blunt compared to those of controls.
Along the cytoplasmic membrane of irregularly shaped smooth muscle cells, a certain amount of elastic component was distributed. In other regions, some degenerative smooth muscle cells were apparent and the elastic components around them were somewhat decreased (Fig. 12) .
The difference in morphology of the smooth muscle cells between the control and elastase-administered rats will now be described. Observations were carried out using specimens stained with uranyl acetate and lead hydroxide, and the authors' attention was focused on the myofilaments, glycogen granules and plasmalemmal vesicles. In 3.2-year rats, the smooth muscle cells of the thoracic aortas revealed irregular shapes and contained clustered cytoplasmic organelles. The greater parts of the cytoplasm were occupied by myofilaments.
The myofilaments in control specimens were low in contrast, not so well defined and ran in various directions.
Glycogen granules were barely seen throughout the cytoplasm. Further, plasmalemmal vesicles were not so well developed along the cytoplasmic membrane (Fig. 13) .
However, the smooth muscle cells in specimens obtained from the elastase-administered rats were rich in glycogen and plasmalemmal vesicles.
These cells involved distinct myofilaments and ran in definite direction (Fig. 14) . 2) Elastic laminae and elasstic branches after digestion with elastase in vitro In order to demonstrate clearly the difference in elastic tissues of the thoracic aorta between control and elastase-administered rats of 3.2 years in age, the specimens for electron microscopic observation were also digested with elastase for 3 min in vitro. The electron opacity of the elastic laminae was reduced especially in the specimens cimens of elastaseadministered rats, and the laminae appeared narrow in width. That is, after the digestion, the outer zone of the laminae became lucent, while the inner zone remained half-opaque (Fig. 16) . Sometimes, a straight or twistea dark stripe was recognizable in this zone. Further, the elastic branches surrounding smooth muscle cells maintained a fairly high density even after the digestion (Fig. 16 ).
On the other hand, in elastic laminae obtained from controls, the electron density was somewhat decreased and appeared homogeneously under such conditions (Fig. 15 ).
Discussion
As is well known, elastic components contribute an elasticity to the vascular wall. Also, as suggested by Cliff (1977) , in the vascular wall, they function as a stress conducting system.
Developmentally, they are produced by medial smooth muscle cells, and according to Gerrity and Cliff (1972) , the elastic laminae are formed by 4 weeks of age.
Between 2 and 12 weeks, elastic branches grow between the medial cells. With advancing age, the elastic components come to involve lipid and calcium-protein, but the change in composition and quantity of amino acids in elastin has not yet been clarified (Lansing, 1954) . Several reports have been published concerning the biochemical and pharmacological effects of elastase on the blood vacular wall (Banga and Bale), 1953, 1956 ), but morphological, research in this field is extremely limited.
In the present investigation, it was clarified that elastase exerts clear morphologcal influences on the elastic tissue of the vascular wall, especially in old rats. However, this study did not establish whether the effect of elastase is based on a catalyzing action to elastin or not, because the pharmacological properties of elastase are complicated and it also possesses a lipocaic action. In any case, the specific digestive propeties of elastase for elastin provide a useful tool for the identification of elastic components in histochemistry.
As shown in this study, elastic lminae and elastic branches in the vascular wall disappeared partially after elastase digestion, and the resistance of elastic components for the enzyme increased with aging of the animals.
However, if the old animals were administered with elastase for a certain period, the elastic laminae and elastic branches looked blunt and not so coarse, and again became sensitive to elastase digestion.
These findings gave the impression that the elastic components changed their qualities and became juvenescent after the administration of elastase.
The enzyme also appeared to act on the smooth muscle cells. That is to say, after long administration of the enzyme, the plasmalemmal vesicles and glycogen granules increased throughout their cytoplasm. In general, plasmalemmal vesicles and glycogen particles appeared consistently in the smooth muscle cells of young rats and decreased definitely in 2-and 3-year-old rats.
Myofilaments were also vivid seen in smooth muscle cells obtained from elastase-administered rats and were arranged in parallel to the long axis of the cells, while in 3.2-year control rats, they ran in several different directions.
Further, in the smooth muscle cells, dark inclusion bodies which appeared to be engulfed were sometimes observed. These bodies would have undergone degradation a little later. With the administration of elastase, the capacity of smooth muscle cells for providing waste and degenerating material in the vascular wall appeared to be enhanced.
According to the authors' investigations, perivascular cells in the cerebral cortex which were termed fluorescent granular perithelial cells (FGP), were potent in the uptake capacity for HRP injected into the cerebral ventricles.
The uptake capacity became reduced with aging of the animals (Mato et al., 1979 (Mato et al., , 1980 (Mato et al., , 1981 . However, if old animals were administered with elastase for 2 months, the uptake capacity was recovered to a certain degree (unpublished data).
The enhancement of the uptake capacity of smooth muscle cells was interpreted in a similar manner to that of the FGP.
Another specific feature in the vascular walls of old rats was the occurrence of degeneration of some smooth muscle cells. As a result, degenerated granules or fragmented cell debris spread around neighbouring smooth muscle cells and between elastic components. Spontaneous degeneration of smooth muscle cells in old rats has already been pointed out by Kojimahara et al. (1973) and Cliff (1977) . At present, it remains unknown whether the degeneration of smooth muscle cells was decreased or not with the administration of elastase.
Around the degenerating cells, degenerating granules were scattered and elastic tissues were 'moderately decreased.
Elastolysis might occur in such areas.
Finally, some discussion will be given of the stainability of the elastic tissues to orcein-lead staining.
As described above, the elastic laminae of the thoracic aorta showed a marked affinity for orceinlead staining and the laminae could be divided into two zones-outer and inner-by this technique. Nakamura et al. (1977) presumed that orcein acted as a mordant. Based on the authors' experiences, this staining procedure yielded good results for elastic components in the thoracic aorta and for collagenous elements in cerebral fine vessels. The reason why collagenous elements in the cerebral vessels exhibited a strong affinity for orcein- The elastic laminae run parallel to each other and some laminae on the medial side are intensely stained. months old. Control rat.
x 270. Slender elastic bundles appear to be increased. 8 months old. Elastaseadministered rat. Orcein-lead staining.
x 5,500. Fig. 11 . Parched elastic laminae (EL) and feather-like elastic fibers. The elastic laminae are intensely stained, and the junction between the inner and outer zones of the laminae becomes indiscernible.
The elastic branches are tapered and take needle-like forms. 3.2 years old. Control rat. Orcein-lead staining.
x 5,500. dria.
x 37,000.
Figs. 15 and 16. Specimens from controls and elastase-administered rats which were digested with elastase in vitro. Fig. 15 . As a whole, electron opacity is decreased to a certain degree in the elastic laminae (EL) and branches. 3.2 years old. Control rat. Orcein-lead staining. x 5,500. Fig. 16 . The electron opacity of the elastic laminae (EL) is markedly decreased, while the elastic branches still remain relatively intense. The elastic laminae are composed of dark stripes and filamentous structures.
3.2 years old. Elastase-administered rat . Orcein-lead staining. x 5,500.
